Introduction
For the purpose of earthquake prediction, a project "The Study of Crustal Structures in North China" (called "Project" for short) was proposed by the Geophysical Prospecting Brigade (GPB), State Seismological Bureau. The research region includes the North China Plain and its adjacent areas, especially the Beijing-Tianjin-Tangshan area. Based on the results of petroleum exploration of 13 years (Guo and SUN, 1959) , the "Project" has been under way for 17 years as of the end of 1984. It is estimated at the time of writing that a part of the "Project," i.e., a subproject "The Study of Crustal Structures in Beijing-TianjinTangshan Area" will be finished by 1985. From 1986, the exploring work will be performed in a large scale in the whole of North China. At the same time, another project "The Study of Crustal Dynamics in North China" ("Dynamical Project") will be put into operation. It is expected that the "Project" will be finished by 1990, but the "Dynamical Project" will continue. During the past 17 years, on the basis of gravitational and magnetic surveys over a large range, 250 explosions in ton scale were performed and observed in 30 DSS profiles with total length of 10,000 km (see Fig. 1 ). In addition, a large quantity of magnetotelluric data has been collected and temporal variations of gravity and magnetic field have been observed.
During the "Project" we obtained many useful results. Using those results, we attempted a prediction of an earthquake in Heze Region, the southern part of North China in April, 1983 . It was successful to some extent. On November 7, 1983, an earthquake (MS=5.9) took place in the predicted region.
The results obtained during the long period of exploration (SUN et al,, 1983) show that the science clue and methods of the "Project" are valuable both in theory and in practice. This paper gives a general introduction for the science clue and methods of the "Project" and describes the obtained results as well as their applications in earthquake prediction. seismic activity (SUN et al., 1983) , and it is recognized that seismic activity is a geophysical and geochemical process which is controlled by complex geologic conditions and also affected by astronomic factors. The process is so complicated that many fields of science have to be involved in this study. Therefore, earthquake prediction is a newly-developed and multifold subject. In such a project, we can only focus on a few of these factors and perform exploration in a limited range. The North China Plain and its adjacent areas, especially the Beijing-Tianjin-Tangshan region, were chosen for this purpose.
The reasons for the choice are as follows: (1) This region is a political, economic, and cultural center of China with a number of big cities, main roads, electric power stations, large factories, and reservoirs, and is densely populated. Therefore, earthquake prediction as well as earthquake-hazard zoning is an urgent and important problem in such a region. (2) According to "Chinese Earthquake Catalogue" (GU, 1983) , it is known that this region is a region with strong earthquakes where detailed seismic data have been collected during the past 2,000 years. (3) GPB had worked in this region for 13 years and thus established a large foundation for further work. (4) There are plenty of geologic data available which have been provided by the oil organizations. (5) There are dense seismic stations and sites for observations of earthquake forerunner. It is well known that 6, Bohai Sea hazard region; 7, regions without geophysical prospecting data; and 8, low earthquake hazard or hazard-free regions (SUN, 1972) .
in this area, seismological work has been done for a long period and more experiences have been accumulated than in other areas.
Since seismicity is a product of a geophysical process which may be controlled by complex geological structures and also may be affected by astronomic factors, the problem is complicated. However, considering that all the movements are related to mass distribution, it is evident that the seismicity is also related to the anomalous distribution of density in the crustal medium because the seismicity represents a certain kind of crustal movement. Based on a detailed investigation of numerous gravitational and seismic data, we gave a preliminary earthquake prediction map (or earthquake hazard map) of North China ( except for those in the Tangshan region. Figure 4 shows the epicenters of the Tangshan earthquake and its aftershocks (MS_??_5). The predicted boundary of earthquake activity given in Fig. 2 is also shown. From these figures, it can be seen that there is a close relationship between the earthquakes and the inhomogeneities of the crustal medium. This is an important aspect of the science clue of the "Project." For example, earthquakes always take place around high-density bodies, i.e., seismicity is related to high-density bodies in the crust. between crustal structures and earthquakes in North China, the followings are obtained:
(1) Strong and moderate earthquakes are related to the zones of anomalous density variation, around high density bodies. Most strong and moderate earthquakes occur around high-density bodies (Figs. 5 and 6). (2) Crustal thickness in this region varies from 30 to 40 km (SUN et al., 1983) . Earthquakes are located in belt-like zones with width of about 10 km around a region with thin crust, where crustal thickness anomalously varies. (Fig. 7) . (3) A great amount of DSS data indicate that the Moho-boundary is a wavy interface with discontinuous steps suggesting faulting and sometimes with interruptions (Figs. 8 and 9 ). These characteristic structures may be one of the essential factors controlling the seismicity in North China. (4) According to velocity structures, the crust in North China can be vertically divided into four layers: the superficial, the upper, the middle, and the lower crusts. There are low velocity layers in the middle crust with a velocity of 5.6-6.0 km/s. Earthquakes are closely related to the transition zone between high and low velocity layers (Fig. 10) . (5) There is a close relationship between earthquakes and regions where there is large temporal variation of gravity. (Fig. 11 ).
3.3 Some deductions According to the above analysis, the "indicators" of earthquake regions can be deduced as follows, which are also shown in Fig. 12: (1) Zones of anomalous changes in crustal thickness, around a region with thin crust. (2) Regions above an "inflection points" of wavy Moho surface and above a discontinuous step of the Moho. (3) Regions with earthquake-prone layer, i.e., the transition zone between high and low velocity layers. (4) Regions on the borders of high-density bodies, where the gravitational gradient is very high. (5) Regions where temporal changes in gravity are large. These can be regarded as the earthquake-prone regions.
Examples
In the Tangshan earthquake region, the crustal structure has features similar to the "indicators" mentioned above . In fact, the Tangshan earthquake is located in the zone where crustal thickness varies strongly, above the "inflection point" of wavy Moho boundary. Also, there exists a great deep fault near the earthquake epicenter. This earthquake is also situated at the border of Tangshan-Fengyun high-density body. Besides those, there is also a low velocity layer in the crust, that is, there is a transition zone between high and low velocity layers (Fig. 10) , After determining the earthquake-prone regions according to the "indicators," we can arrange dense observatories in these regions to catch forerunners for forecasting an occurrence time of an earthquake. (Figs. 13-15) . The Heze earthquake is located at the eastern flank of the Moho uplift (Fig. 14) . The top of the uplifted Moho is located near Puyang at a depth of 29.5 km, 7, 1983 (MS=5.9) .
while the Moho reaches to a depth of about 32 km at Juancheng, east of Heze. Along the Heze DSS profile, there is an obvious difference of DSS record between the eastern and western branches which shows that there is a discontinuous crustal structure. A further study should be made to determine whether or not a deep fault exists in this area.
C. Focal depths of small earthquakes vary with time.
According to the analysis of focal depths in this region since 1970, there is a general trend that the focal depths have been becoming shallower since 1973, that is, the hypocenters moved gradually from the lower crust to the lower part of the middle crust, and then to the transition zone between the low velocity layer in the middle crust and the high velocity layer in the upper crust (Fig. 16) . Because the hypocenters have reached the transition zone, a large earthquake may take place in the near future. (2) Earthquake hazard zoning Using the above mentioned correlations between strong earthquakes and crustal structures in North China, and also considering the data obtained in this region, we made an earthquake hazard zoning map for this region (Fig. 17) . In the figure the shadowed areas represent the region in which earthquakes may occur in the furture, while the others represent regions with low earthquake hazard.
(3) Preliminary verification On November 7, 1983, an earthquake (M=5.9) took place, in the 10-km wide predicted zone (Fig. 17) . (4) Monitoring work for forecasting occurrence time of earthquakes, carried out in 1984
Assuming that the problem of prediction of earthquake location has been solved according to the results from "Heze Project," we proceed to the next step of forecasting the occurrence time of earthquakes. As a continuation of "Heze Project," GPB has performed some observations in this step. The following is an example based on the study of temporal variation of gravity.
After the earthquake (M=5.9) of November 1983, we began to observe the temporal variation of gravity in December 1983 by utilizing the observational system designed in "Heze Project ." For example, Fig. 18 shows results of gravity observation from December 1983 to September 1984. The results indicate that when the Earth is near the aphelion, i.e., in June, July, and August, there were great changes of gravity field, while in the other periods, the gravity field was stable, though the measurement was made infrequently. In the period of June-August, several small earthquakes took place, e.g., the Dongming earthquake of M=3 on May 31.
Some Realizations
(1) First, because we are only interested in the prediction of strong and moderate earthquakes, the prediction of earthquake magnitude cannot be taken into account. (2) Thus, we focus on the region in which the earthquake will occur in the future. (3) In order to monitor and forecast earthquakes in a limited region, a great amount of work and observation will be needed. (4) There should be at least one observational point near the possible earthquake region to obtain resolvable anomalies. For this purpose, nearfield and mobile surveys are very useful. (5) A reasonable procedure would be as follows: starting from a large areal observation, gradually diminishing the observational area, and increasing the frequency of repeated measurements. For forecasting occurrence time of earthquakes, it is necessary to analyze temporal variation of gravity and magnetic field.
6.
Concl usion
The main results are as following: (1) Strong and moderate earthquakes are related to the high-density bodies. (2) Earthquakes in this region are located in the zones around a region with thin crust, where crustal thickness anomalously varies. (3) The wavy-Moho surface with discontinuous steps may be one of the essential factors controlling the seismicity in North China.
(4) In North China, there are low velocity layers in the middle crust. The earthquakes are closely related to the transition zone between high and low velocity layers.
(5) There is a close relationship between earthquakes and large temporal variation of gravity. The application of these results to earthquake prediction has also been described in this paper.
